Since Köhler's experiments in the 1920s, researchers have demonstrated a correspondence between words and shapes. Dubbed the ''Bouba-Kiki'' effect, these auditory-visual associations extend across cultures and are thought to be universal. More recently the effect has been shown in other modalities including taste, suggesting the effect is independent of vision. The study presented here tested the ''Bouba-Kiki'' effect in the auditory-haptic modalities, using 2D cut-outs and 3D models based on Köhler's original drawings. Presented with shapes they could feel but not see, sighted participants showed a robust ''Bouba-Kiki'' effect. However, in a sample of people with a range of visual impairments, from congenital total blindness to partial sight, the effect was significantly less pronounced. The findings suggest that, in the absence of a direct visual stimulus, visual imagery plays a role in crossmodal integration.
Introduction
Since the 1920s, researchers studying sighted populations have demonstrated a correspondence between words and shapes. In experiments by Köhler (1947) English-speaking adults consistently matched the nonsense words ''Maluma'' and ''Takete'' with outline images of a rounded shape and a jagged, star-like shape respectively. Since then the same effect has been demonstrated across a range of populations, including English-and Swahili-speaking school children presented with the nonsense words ''Uloomo' ' and ''Takete'' (Davis, 1961) and Hebrew-speaking adults, shown pairs of Chinese ideograms with opposite meanings, who successfully matched them with their Hebrew equivalents based on the appearance of the ideographs alone (Koriat & Levy, 1979) . Ramachandran and Hubbard (2001) ascribe the 95% correspondence rate that has been observed between image-shape and word-choice for ''Bouba'' and ''Kiki'' to a form of synesthesia. They suggested that the ''Bouba-Kiki'' effect might result from contiguous areas of the brain processing the visual outline of the shape (rounded/ star-shape) and the rounded or angular appearance of the speaker's lips when enunciating the vowels. They also proposed a link between the sound contours of a word and a shape's visual appearance. They went on to develop an explanation for auditory-visual correspondence in terms of perinatal pathways that are pruned as part of normal development, but not so heavily as to remove cross-sensory mapping completely. While in the true synesthete the pathways may not be pruned at all, in the general population pruning is such that associations are retained but at a subconscious level (Hubbard & Ramachandran, 2005 
